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PDilated Cardiomyopathy
egional Coronary Flow and Contractile Reserve
n Patients With Idiopathic Dilated Cardiomyopathy
mmanuel I. Skalidis, MD, Frangiskos I. Parthenakis, MD, Alexandros P. Patrianakos, MD,
ichael I. Hamilos, MD, Panos E. Vardas, MD, PHD, FESC, FACC
eraklion, Greece
OBJECTIVES The purpose of this study was to assess regional coronary flow and contractile reserve in
patients with idiopathic dilated cardiomyopathy (IDCM).
BACKGROUND Although IDCM has been associated with alterations in coronary blood flow and contractile
reserve, little is known about their regional distribution and correlation.
METHODS Fourteen patients with IDCM and 11 control subjects underwent coronary flow velocity
(APV) measurements in the left anterior descending (LAD), left circumflex (LCx), and right
coronary (RCA) arteries at baseline (b) and at maximal hyperemia (h). Coronary flow reserve
(CFR) was defined as h-APV/b-APV. Wall thickening was assessed in 16 segments (7
assigned to LAD, 5 to LCx, and 4 to RCA) both at rest and under peak stress during
low-dose dobutamine echocardiography. Regional contractile reserve was defined as the
percentage difference in wall motion score index between rest and stress in each vascular
territory.
RESULTS Although there were no significant differences in b-APV, patients with IDCM had
significantly lower h-APV than controls in all three vascular territories and reduced CFR
(LAD: 2.79  0.43 vs. 3.48  0.51, p  0.05; LCx: 2.71  0.39 vs. 3.36  0.65, p  0.05;
and RCA: 3.43  0.55 vs. 4.02  0.73, p  0.05). There was also a significant correlation
between CFR and the corresponding contractile reserve in the vascular territory of the LAD
(r  0.75, p  0.002) and the LCx (r  0.64, p  0.014).
CONCLUSIONS Patients with IDCM have alterations in regional coronary flow and reduced CFR.
Furthermore, the correlation between regional CFR and the corresponding contractile reserve
indicates that microvascular dysfunction may have a pathophysiologic role in the evolution of
the disease. (J Am Coll Cardiol 2004;44:2027–32) © 2004 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.08.051Cardiology Foundation
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silated cardiomyopathy is a syndrome characterized by
ardiac enlargement and impaired systolic function of one or
oth ventricles. Idiopathic dilated cardiomyopathy (IDCM)
epresents the final common expression of primary myocar-
ial damage produced by a variety of as yet undefined
yocardial insults, producing areas of interstitial and
erivascular fibrosis, particularly of the left ventricle (LV).
It has been assumed that myocardial ischemia does not
lay a role, because a prerequisite for the diagnosis of
DCM is the absence of significant coronary artery disease.
owever, previous studies have shown not only that coro-
ary blood flow abnormalities occur even in the early stages
f the disease (1,2), but also that myocardial ischemia
ttributable to coronary microvascular dysfunction may have
n independent role in the progression of the disease.
lthough conflicting data exist concerning alterations of
lobal coronary flow and their regional distribution (3–10),
here is a general agreement that coronary flow reserve
CFR) is impaired in IDCM and may correlate with
rognosis (11).
From the Cardiology Department, University Hospital of Heraklion, Heraklion,
reece.h
Manuscript received May 24, 2004; revised manuscript received July 30, 2004,
ccepted August 16, 2004.Meanwhile, abnormal contractile responses during do-
utamine echocardiography have been observed in these
atients (12), and contractile reserve has also been associ-
ted with their prognosis (13–16). Thus, if any correlation
etween CFR and contractile reserve can be confirmed, then
he microvascular dysfunction hypothesis, in which isch-
mia and systolic dysfunction constitute a vicious circle with
central role in the disease process, would be strongly
upported. Accordingly, the purpose of this study was to
ssess and correlate regional distribution of coronary flow
nd contractile reserve in patients with IDCM.
ETHODS
atients. The study included 16 patients with IDCM who
onsented to undergo functional assessment of coronary
irculation following the completion of programmed rou-
ine cardiac catheterization and stress echocardiography
ithin one week.
The diagnosis of IDCM was based on an LV ejection
raction 45%, LV end-diastolic diameter 55 mm, or LV
nd-systolic diameter 45 mm and the absence of stenotic
esions on coronary angiography. All patients had to be in
inus rhythm with no or mild to moderate symptoms of
eart failure (New York Heart Association functional class
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reatment.
The following patient groups were excluded: patients
ith congenital, valvular, or hypertensive heart disease;
ypertrophic cardiomyopathy; myocarditis; and patients
ith previous myocardial infarction, diabetes mellitus, or
hyroid disease. We also excluded patients with alcohol
buse and chronic systemic disease or cor-pulmonale.
All cardioactive medications were continued except beta-
lockers, which were discontinued at least three days before
he study period.
ontrol group. Eleven patients who had coronary angiog-
aphy for clinical indications with coronary arteries free of
tenotic lesions and left ventricular ejection fraction 55%
onsented to have Doppler guide wire measurement of
FR. The same exclusion criteria were also applied to this
roup. All cardioactive medications were continued except
eta-blockers, which were discontinued at least three days
efore the study.
All patients and controls gave their written informed
onsent to participation in the study. The study protocol
as approved by the hospital’s ethics committee.
chocardiography. Echocardiography was performed in
ll patients using a Hewlett-Packard Sonos 2500 echocar-
iograph device (Andover, Massachusetts) with a 2- to
.5-MHz wide-angle phased-array transducer. Measure-
ents were obtained following the recommendations of the
merican Society of Echocardiography (17).
The LV end-diastolic and -systolic diameters were
easured from the M-mode trace obtained from the
arasternal long-axis view. The LV volumes were mea-
ured from the apical two-dimensional echocardiogram
nd ejection fraction was calculated using a modified
impson’s rule algorithm.
After baseline-rest echocardiography had been per-
ormed, low-dose dobutamine echocardiography was begun
sing a mechanical infusion pump. The initial dose was 5
g/kg/min for 5 min and was then increased to 10 g/kg/
in for 5 more minutes. Four standard views of the LV
ere obtained for each acquisition: parasternal long-axis,
hort-axis at papillary muscle level, and apical four- and
wo-chamber views.
The LV was divided into 16 segments (18), and of these
were assigned to the left anterior descending coronary
Abbreviations and Acronyms
APV  time-averaged peak coronary flow velocity
CFR  coronary flow reserve
IDCM  idiopathic dilated cardiomyopathy
LAD  left anterior descending coronary artery
LCx  left circumflex coronary artery
LV  left ventricle/ventricular
RCA  right coronary artery
WMSI  wall motion score indexrtery (LAD), 5 to the left circumflex (LCx), and 4 to the wight coronary artery (RCA) or to LCx, whichever was the
ominant artery.
For each segment, systolic wall thickening was scored
ualitatively by consensus of two experienced observers who
ere unaware of other patient data: 1  normal, 2 
ypokinetic, 3  akinetic, and 4  dyskinetic.
Regional wall motion score index (WMSI) was defined as
he sum of scores of the segments assigned to each vascular
erritory divided by the number of assigned segments.
egional WMSI was calculated at rest and peak stress.
egional contractile reserve was defined as the percentage
ifference of regional WMSI between rest and stress.
oronary angiography. All patients underwent selective
oronary angiography using 6-F standard catheters and
onventional views. On completion of diagnostic cardiac
atheterization, the video record of the procedure was
eviewed. Only patients whose coronary arteries were an-
iographically normal were enrolled in the study.
oronary flow velocity measurements. Immediately fol-
owing coronary angiography the left and right coronary
rteries (in random order) were selectively engaged with a
iagnostic catheter. Intracoronary nitroglycerin (200 g) was
iven every 15 min of the procedure to prevent catheter-
nduced coronary artery spasm and to avoid changes in coro-
ary artery diameter. A 0.014-inch (0.036-cm), 15-MHz
oppler guide wire (Jometrics FloWire, Jomed, Volcano
herapeutics, Rancho Cordova, California) was advanced
hrough the catheter to the proximal portion of all three
oronary arteries. Frequency analysis of the Doppler signals
as carried out in real time by fast Fourier transform using a
elocimeter (Jometrics FloMap, Jomed).
Once baseline flow-velocity data had been obtained, a
olus injection of intracoronary adenosine, 18 mg for the
eft and 12 mg for the RCA, was given to obtain data during
yperemia. To confirm that maximal hyperemia had been
chieved, coronary blood flow velocity was recorded during
dministration of an additional larger dose of adenosine (4
g larger than the initial dose). This was repeated until a
lateau in flow velocity was reached.
In each artery, all measurements were made at a constant
eart rate of 100 beats/min, for both patients and controls
ubjects, in order to exclude the influence of variant heart
ate. This was accomplished by right atrial appendage
acing via a temporary pacing lead.
Time-averaged peak coronary flow velocity (APV) was
easured for each vessel. Coronary flow reserve was deter-
ined as the ratio of APV at maximal hyperemia to APV at
aseline. Pretreatment and method of measurements were
s previously described (19).
tatistical analysis. Continuous data are summarized as
ean values  SD. Repeated measures analysis of variance
ANOVA) with one within factor at two levels (baseline,
aximal hyperemia) and one between factor also at two
evels (IDCM patients, control subjects) was used to assess
ain and interaction effects on APV. All other parameters
ere compared between the two groups with independent
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November 16, 2004:2027–32 Coronary Flow and Contractile Reserve in IDCMample t test. Wall motion score indexes for patients with
DCM were compared among the three vascular territories
sing one-way ANOVA. The relationship between CFR,
V end-diastolic pressure, and contractile reserve in the two
roups was assessed with standard linear regression and
orrelation techniques. All statistical comparisons were
erformed at the 5% level of significance.
ESULTS
f the 16 patients initially included in the study, two had
oor-quality recordings; these patients were excluded from
he final analysis. For the remaining 14 patients (10 men),
he mean age was 52.9  12.1 years.
In the control group, which included eight men, the
ean age was 53.1 8.4 years. Six of them had non-typical
hest pain syndrome with a negative or nondiagnostic
xercise electrocardiogram. The remaining five were asymp-
omatic and had cardiac catheterization for episodes of
onsustained ventricular tachycardia.
There were no significant difference between patients and
ontrols concerning age, gender, or systolic (122  17 mm
g vs. 126  11 mm Hg) and diastolic (69  9 mm Hg vs.
4  8 mm Hg) blood pressures.
The mean LV ejection fraction was 33  7% in patients
ith IDCM and 66  5% in the controls (p  0.05), and
he LV end-diastolic pressure was 14.9  4.3 mm Hg and
.2  2.5 mm Hg, respectively (p  0.05).
tress echocardiography. In patients with IDCM the LV
nd-systolic diameter was 49.9  7.5 mm, the end-diastolic
iameter 62.6  5.2 mm, the end-systolic volume 107.9 
0.8 cm3, and the end-diastolic volume 160.6  42.4 cm3.
Patients with IDCM had increased WMSI at rest, and
hey exhibited a significant improvement after low-dose
obutamine echocardiography in all three vascular terri-
ories (Table 1).
able 1. Regional Stress Echocardiography Parameters
easured in Patients With Idiopathic Dilated Cardiomyopathy
LAD LCx RCA p Value
-WMSI 2.01 0.27 2.10  0.29 2.15  0.34 NS
-WMSI 1.47 0.29 1.43  0.28 1.42  0.46 NS
-WMSI (%) 27.7 10.4 32.1  8.6 34.5  17.3 NS
AD  left anterior descending coronary artery; LCx  left circumflex coronary
rtery; NS nonsignificant; -WMSI contractile reserve; r-WMSI wall motion
core index at rest; RCA right coronary artery; s-WMSI wall motion score index
t peak stress.
able 2. Left Anterior Descending, Left Circumflex, and Right C
ith Idiopathic Dilated Cardiomyopathy and in Controls
LAD
IDCM Controls I
-APV (cm/s) 19.6 4.4 21.6  6.8 17
-APV (cm/s) 54.5 14.9 72.9  18.4* 47
FR 2.79  0.43 3.48  0.51* 2.7
p  0.05.
b-APV  time averaged peak coronary flow velocity at baseline; CFR  coronary flow
DCM  idiopathic dilated cardiomyopathy; LAD  left anterior descending coronary arRegional contractile reserve was 27.7  10.4% in the
AD vascular territory, 32.1  8.6% in the LCx vascular
erritory, and 34.5  17.3% in the RCA vascular territory
Table 1). There were no statistically significant differences
n regional contractile reserve among the three vascular
erritories.
oronary flow velocity measurements. The Doppler pa-
ameters recorded at baseline and at maximum hyperemia
re given in Table 2.
AD. Although there were no significant differences in APV
etween patients and controls at baseline, there was a
ignificant group effect (p  0.026) during maximal hyper-
mia. There was also a significant drug effect (p  0.001)
nd interaction (p  0.003).
Left anterior CFR was significantly lower in patients
ith IDCM than in controls (2.79  0.43 vs. 3.48 
.51, p  0.05).
In patients with IDCM, LAD CFR showed a significant
orrelation with the corresponding contractile reserve (r 
.75, p 0.002) (Fig. 1) and a negative correlation with LV
nd-diastolic pressure (r  0.72, p  0.004) (Fig. 2).
CX CFR. Although there were no significant differences in
PV between patients and controls at baseline, there was a
ignificant group effect (p  0.028) during maximal hyper-
mia. There was also a significant drug effect (p  0.001)
ary Artery Doppler Flow Velocity Measurements in Patients
LCx RCA
Controls IDCM Controls
.7 18.8  4.2 15.5  4.9 17.2  4.1
2.9 62.2  12.7* 51.8  14.2 68.3  17.9*
.39 3.36  0.65* 3.43  0.55 4.02  0.73*
igure 1. Regional contractile reserve (-WMSI) plotted against coronary
ow reserve (CFR) for the left anterior descending coronary artery territory
LAD).oron
DCM
.8  4
.8  1
1  0reserve; h-APV  time averaged peak coronary flow velocity at maximal hyperemia;
tery; LCx  left circumflex coronary artery; RCA  right coronary artery.
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Coronary Flow and Contractile Reserve in IDCM November 16, 2004:2027–32nd interaction (p  0.004). Again, LCx CFR was signif-
cantly lower in patients with IDCM than in controls (2.71
0.39 vs. 3.36  0.65, p  0.05).
In patients with IDCM, LCx CFR showed a significant
orrelation with the corresponding contractile reserve (r 
.64, p  0.014) (Fig. 3) and a negative correlation
although marginal) with LV end-diastolic pressure (r 
0.52, p  0.05).
CA. Because two patients with IDCM and one from the
ontrol group had left dominant coronary circulation, flow
elocity measurements were not made in the RCA and the
orresponding four myocardial segments assigned to the
Cx. Although there were no significant differences in APV
etween patients and controls at baseline, there was a
ignificant group effect (p  0.046) during maximal hyper-
mia. There was also a significant drug effect (p  0.001)
nd interaction (p  0.012).
igure 2. Left ventricular end-diastolic pressure (LVEDP) plotted against
oronary flow reserve (CFR) for the left anterior descending coronary artery
erritory (LAD).o
igure 3. Regional contractile reserve (-WMSI) plotted against coronary
ow reserve (CFR) for the left circumflex coronary artery territory (LCx).Right coronary artery CFR was significantly lower in
atients with IDCM than in controls (3.43  0.55 vs. 4.02
0.73, p  0.05). In patients with IDCM, RCA CFR
howed no significant correlation with the corresponding
ontractile reserve and LV end-diastolic pressure.
ISCUSSION
his study is the first to assess coronary blood flow in all
hree vascular territories and compare the results with the
orresponding regional contractile reserve in patients with
DCM. Our main findings were as follows: 1) there was no
ignificant difference in baseline regional coronary flow
etween patients with IDCM and controls; 2) regional
oronary flow at maximal hyperemia and CFR was signifi-
antly lower in patients with IDCM than in controls,
ndicating microvascular dysfunction; and 3) regional CFR
as correlated with the corresponding contractile reserve
nd LV end-diastolic pressure in the LAD and LCx
ascular territories.
oronary flow in IDCM. Myocardial blood flow abnor-
alities, despite the presence of angiographically normal
oronary arteries, have been documented in patients with
eart failure caused by IDCM. In particular, a reduction in
yocardial blood flow in response to either metabolic (2) or
harmacologic vasodilating stimuli (2–11) has been re-
orted, consistent with our findings.
Although coronary blood flow abnormalities were ini-
ially attributed to extravascular mechanisms (7,20) as the
esult of LV dysfunction, more recently structural and/or
unctional alterations of the small coronary vessels (micro-
irculation), associated with the disease process, have been
mplicated in their pathogenesis.
The microcirculation (defined as vessels 200 m in
iameter) not only consists of a channel of passive networks
ut also is an active site of blood flow control. This is
chieved by arterioles that have smooth muscles with a
trong and immediate myogenic response (autoregulation).
t rest (baseline), the capability for blood flow regulation is
igh, as 60% of total myocardial vascular resistance is offered
y arterioles (21,22). However, when hyperemia is induced,
mooth-muscle vasodilation results in dilation of the arte-
ioles and venules with no change in the capillaries. The
otal myocardial vascular resistance decreases and capillary
esistances now comprise 75% of the total myocardial
ascular resistance. Thus, capillaries offer the most resis-
ance to coronary blood flow during hyperemia and provide
ceiling to hyperemic blood flow (21,22). Consequently,
onditions that are associated with lesser capillaries (either
natomically or functionally) are associated with reduced
FR despite the absence of coronary stenosis.
Because IDCM is associated with areas of interstitial and
erivascular fibrosis (23,24), functional and/or structural
hanges in microcirculation could be expected and explain
ur findings of normal coronary flow at baseline and
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November 16, 2004:2027–32 Coronary Flow and Contractile Reserve in IDCMeduced coronary flow at maximal hyperemia, as well as the
educed CFR.
athophysiologic role of coronary flow abnormalities in
DCM. The previously mentioned abnormalities in
ndothelium-independent coronary flow regulation, in con-
unction with the abnormal microvascular endothelial func-
ion that is frequently observed in these patients (9,10,25),
ead to decreased hyperemic blood flow and oxygen supply.
n the other hand, in IDCM oxygen demand is greater
ecause of increased wall stress. Consequently, during stress
here may emerge repeated episodes of oxygen demand-
upply mismatch, myocardial ischemia, chronic myocardial
ypoperfusion, myocardial hibernation, or even necrosis and
eterioration of LV dysfunction that may further aggravate
oronary blood flow abnormalities in a vicious circle (mi-
rovascular ischemic hypothesis).
This pathophysiologic mechanism of reciprocal interac-
ion between flow and function is strongly supported, not
nly by our finding of a significant correlation between
egional CFR and the corresponding contractile reserve, but
lso by the significant correlation between CFR and LV
nd-diastolic pressure, at least for the LAD and LCx
ascular territories.
The absence of such correlation in RCA territory could
e explained first by the smaller number of myocardial
egments assigned to this vascular territory (4 instead of 5
or LCx or 7 for LAD), second by the lower number of
atients analyzed (because 2 patients had left dominant
oronary circulation), third by the different coronary blood
ow pattern in the RCA (that is not diastolic predominant
nd is consequently less affected from diastolic dysfunction
26]), and last by non-homogenous involvement from the
isease process.
revious studies. Until now coronary blood flow has been
ssessed noninvasively, using positron emission tomography
2,4,6,8,10,11), or invasively, by measurement of either
oronary flow velocity (3,7,9) or great cardiac vein flow (5).
rrespectively of the method used, there is general agree-
ent that IDCM is associated with impairment of coronary
ow at maximal hyperemia leading to reduced CFR, in
ccordance with our findings.
In contrast, there is some controversy on coronary flow at
aseline. Two studies from the same center (2,11) have
hown that baseline coronary flow is reduced in patients
ith idiopathic LV dysfunction compared with control
ubjects. Nevertheless, differences in the selection criteria
or the control subjects (the control group was the same in
oth studies) as well as in sample size may explain the
iscrepancy, because our study and all others (3–10) found
o significant differences in baseline coronary flow.
Although data on flow velocities do not exist for all three
oronary arteries, at least for the LAD, the available data
rom a recent invasive study (26) are comparable with our
ndings. In agreement with our findings, LV end-diastolic
ressure has been associated with CFR in both of the other
tudies that examined their relation (4,11).In a previous study (27), vascular territories with reduced
FR in patients with heart failure showed an ischemic
esponse in the corresponding areas during dobutamine
chocardiography, which is concordant with our findings.
owever, this was observed in the non-stenotic coronary
rteries of patients with ischemic cardiomyopathy.
tudy limitations. In the present study, coronary blood
ow was assessed using intracoronary Doppler measurement
f flow velocity. Although flow velocity does not actually
epresent volumetric flow, extensive animal studies have
roved the accuracy of this technique in the assessment of
hanges of coronary flow (28,29). Consequently, given that
ow velocities at baseline were similar in patients with
DCM and in control subjects, whereas changes in coronary
rtery diameter were avoided by intracoronary nitroglycerin
dministration, it seems reasonable to assume that flow
elocity at maximal hyperemia provided a valid means of
omparing coronary flow in the two groups.
The relatively small number of patients in this study is
nother limitation. This was due to the strict screening
riteria we employed for both patients and controls, in order
o exclude most of the other factors that might influence
oronary microvascular flow. Despite, or perhaps because of,
his and the constant heart rate in patients and controls, we
ere able to obtain statistically significant results.
ossible implications. According to the microvascular
schemic hypothesis in IDCM, chronic myocardial hypo-
erfusion and/or repetitive ischemia as the result of im-
aired microvascular flow cause progressive left ventricular
ilation and systolic dysfunction; this in turn may affect
oronary blood flow in a vicious circle.
Consequently, any intervention (pharmacologic or other)
hat could stop this vicious circle may halt, retard, or even
everse the evolution of the disease. This may be one of the
echanisms that could explain the beneficial effects of
eta-blocker therapy in patients with dilated cardiomyopa-
hy, as beta-blockade has been proved to increase maximal
oronary blood flow and CFR (30).
Although this scenario has to be confirmed, our clinical
nd research approach to the evolution of the disease should
erhaps be redirected towards therapies related to coronary
lood flow.
onclusions. Patients with IDCM have alterations in re-
ional coronary flow and reduced CFR. Furthermore, the
ignificant relationship between regional CFR and the corre-
ponding contractile reserve indicates that microvascular dys-
unction may be the key point in the progress of the disease.
eprint requests and correspondence: Prof. Panos E. Vardas,
ardiology Dept., Heraklion University Hospital, P.O. Box 1352,
1110 Heraklion, Greece. E-mail: cardio@med.uoc.gr.
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